The purpose of this study was to evaluate the prognostic potential of the World Health Organization (WHO) 2010 grading system in patients with pancreatic insulinomas. This was a retrospective study that analyzed the overall survival of 85 pancreatic insulinoma patients treated at our Institute between May 2002 and March 2013. The mean age of our patient cohort was 44.26 ± 13.82 years, with the gender split at 30 males and 55 females. Median survival time of the cohort, post-surgery, was 100.23 ± 18.18 months. Among the 85 patients, histopathological analyses revealed 52 Low Grade (G1) neuroendocrine tumors (NET), 23 Intermediate Grade (G2) NET, and 10 High Grade (G3) Neuroendocrine carcinomas (NEC) according to the WHO 2010 grading classification. Significant difference for overall survival was observed between the NET G1 and NEC G3 groups (P<0.01), and the NET G2 and NEC G3 groups (P<0.019). In addition, our data showed that overall survival was significantly correlated with the European Neuroendocrine Tumor Society (ENETS) tumor-node-metastasis (TNM) staging system, and in multivariate analysis, the diameter of tumor was found to be significantly correlated with survival (P=0.038). These findings provide additional validation for the prognostic value of using the WHO 2010 grading system, specifically with regard to pancreatic insulinomas.
Insulinomas are one of the most common pancreatic neuroendocrine tumors (PNETS), with an incidence of 0.4 -7 per million population per year [1] . However, autopsy studies have reported higher incidences (0.8 -10%) of PNETS, suggesting that most of the disease actually goes undiagnosed [2, 3] , and advancements in diagnostic techniques have led to increased diagnoses of PNETS in recent years [4] . The median age of those diagnosed with insulinoma is 50 years, with a slight predilection for females [5] , and greater than 90% of insulinomas are thought to occur sporadically, typically presented as solidary, benign, and encapsulated lesions [6, 7] .
While pharmacological agents such as octreotide, a somatostatin analog, are frequently used to control hormone related symptoms associated with insulinomas [9, 10] , surgical intervention is the ultimate treatment of choice as it can be curative. The preferred surgical approach to remove insulinomas is enucleation, since most of them tend to be small, benign and encapsulated [11] [12] [13] . While enucleation is successful at maximizing local control of the tumor, minimizing hypoglycemic symptoms, and has a low mortality rate (less than 2%) [11] [12] [13] [15] [16] [17] , enucleation procedures do have a relatively high incidence of pancreatic fistulas (38%) [14] . Further, enucleation is not always possible especially for PNETS that are suspected to be invasive, or tumors that are larger than 3 cm (particularly for those associated with the dilated pancreatic main duct) [18] .
The older WHO 2004 grading system of PNETS [19] did demonstrate some value in evaluating the outcome and prognosis for insulinoma patients, but was not widely accepted owing to its limited ability to predict the biological aggressiveness, since low grade PNETS can also metastasize, and because of the many criteria that needed to be evaluated [20] . The WHO grading classification of PNETS was updated and simplified in 2010, and the update includes 4 categories of PNETS: neuroendocrine tumor G1 (NET G1), neuroendocrine tumor G2 (NET G2), neuroendocrine carcinoma G3 (NEC G3), and mixed adenoneuroendocrine carcinoma (MANEC) [21] . This classification emphasizes the integration of the mitotic count and Ki-67 labeling index to better classify the biological characteristic of these neoplasms.
Numerous studies have reported on the prognosis associated with PNETs [22, 23] . However, studies reporting on the prognosis of insulinoma, which is the predominant type of functional PNETS, are few. This is likely due to the heterogeneity and rarity of insulinomas, especially with regard to using the new 2010 grading classifications of the World Health Organization (WHO) [21] and the Tumor-Node-Metastasis (TNM) staging system of ENETS [24] . With increasing insulinoma diagnoses in recent decades, novel approaches for the treatment of this disease are in high need. In this study, we reviewed the 10-year experience from our Institution. Our analysis included 85 consecutive patients that had resections of insulinomas, and we assessed long-term survival following surgical resection to evaluate a number of different prognostic factors, including an emphasis on the prognostic value of the updated WHO 2010 grading classifications.
Patients and methods

Patients.
Patients criteria included pathological and immunohistochemical diagnosis of pancreatic insulinoma, surgically treated insulinoma by enucleation of tumor or other radical resection (e.g. distal pancreatectomy, pancreaticoduodenectomy) at the West China Hospital of Sichuan University. Exclusion criteria included absence of surgical treatment, presence of chemotherapy, diagnosis of MEN1 (Multiple Endocrine Neoplasia 1), co-existence of other types of carcinomas, and insufficient tumor tissue for histopathological analysis. None of the enrolled patients had used any diazoxide, and most (87.1%) of them had a history of octreotide use. This study was approved by the Ethics Committee of the West China Hospital of Sichuan University.
Medical and surgical treatments. The pharmacological treatment history of patients was obtained by questionnaire or out-patient follow-up. Any history treatment course with octreotide (subcutaneous injection) was considered as having a medical history of octreotide use. Experienced medical teams in the Hepato-pancreatic-biliary department had performed all surgeries. Enucleation was the first-line surgical intervention for insulinomas with clear preoperative locations. Otherwise, insulinomas with close proximity to the pancreatic duct or involving a large portion of the pancreas underwent other radical surgeries, such as distal pancreatectomy, segment resection of pancreas, and in some rare cases, pancreaticoduodenectomy. In the earlier years of this patient cohort, a very minor number of blind pancreatic resections had been performed for tumors without a clear preoperative location.
Data collection and follow-up. From May 2002 to March 2013, we enrolled 85 patients that met the eligibility criteria. Patient data, including demographics (gender and age), surgical data (e.g. procedures, length of surgery, intraoperative findings), and pathological and immunohistochemical records were all retrospectively reviewed from medical records. Telephone follow-ups were conducted during the months of March and April, 2014. Overall survival (in months) was calculated from the date of surgery until tumor specific death or the patient's last follow-up. One patient died after surgery, and six patients could not be located for follow-up, and thus, were excluded from the survival analysis.
Tumor characteristics. Tumor characteristics (e.g. tumor size, location, surgical margin, Ki-67) were based on intraoperative and pathological findings. Statistical analysis. In order to evaluate the prognostic value of the WHO 2010 grading classifications, the prospectively established primary objective was to determine whether the proportion of patients with G1 or G2 insulinoma had a significantly longer survival time than those from the G3 group. The main outcome variable was the elapsed time (in months) from surgery to death. Covariates in the analysis included tumor size, type of surgery, use of octreotide or not, the WHO 2010 grading classifications and the ENETS 2006 TNM staging systems. In the survival analysis, the survival distribution for each grade (different grade of WHO 2010 grading system or the ENETS 2006 TNM staging systems) were estimated using the Kaplan-Meier method, and they were tested for equality by the log-rank test. Survival distribution was also analyzed between patients with different clinical characteristics, such as tumor size, or type of surgery. Secondly, with an emphasis on WHO 2010 grading classifications, single and multiple variates analysis with the Cox proportional hazard regression model was conducted with age, sex, tumor size, use of octreotide, type of surgery, and importantly the WHO 2010 grading classifications as prognostic factors. Differences with a two-sided P value less than 0.05 was considered statistically significant. Statistical analyses were performed using SPSS 21.0 statistical software.
Results
Patient and tumor characteristics. Characteristics of the pancreatic insulinoma patients that had undergone pancreatic surgery at the West China Hospital of Sichuan University between May 2002 and March 2013 are presented in Table 1 . In this cohort, the disease had a predilection for females, with a sex ratio of 6:11 (males: females), and patients had a mean age of 44.26 ± 13.82 years. The majority of patients had a history of subcutaneous octreotide (87.1%), and been surgically treated by enucleation (68.2%). In addition, tumors tended to be relatively small (1.88 ± 1.42 cm), with a nearly similar proportion of location in the head, body and tail of pancreas (32.9%, 35.3%, 31.8% Survival analysis. The follow-up periods ranged from 12 to 130 months post-surgery, and 14 of 78 patients died subsequently after recurrence. Our survival function estimates showed that median survival time of our cohort was 100.23 ± 18.18 months. In terms of the WHO 2010 grading classification ( Figure 1, Table 2 ), the Kaplan-Meier estimated survival time for patients in the NET G1 vs. NEC G3, and NET G2 vs. NEC G3 groups, was statistically different (P<0.01, 0.019; respectively), whereas there was no significant difference between the NET G1 and NET G2 groups (P=0.423). The TNM stage system of the ENETS was also significantly correlated with overall survival (Figure 2 , Table 2 ). Notably, the survival time of patients in stage I was statistically longer than those in stages II (P=0.045), III (P<0.005) and IV (P<0.005). Also, patients in stage II obtained statistically better survival than those in stages III (P<0.01) and IV (P<0.005), while no notable differences were found between stages III and IV (P=0.099). Although, insulinoma had a predilection for females, the survival of females in the cohort had no significant difference from that of males (P=0.771). Patients with larger tumors (i.e. ≥2 cm) had a significantly shorter survival time than patients with smaller tumors (<2 cm) (P=0.016) ( Figure 3 , Table 2 ). As the log-rank test revealed, the overall survival between patients who had undergone more radical surgical procedures, and those who underwent enucleation, was without significant difference. There was also no notable difference between patients that had been treated with octreotide to those that were not treated with octreotide. However, in the 10 NEC G3 patients, the survival time of the more radical surgery group was significantly longer than that of the enucleation group (69.43 months vs. 30.23 months; P=0.036).
Outcomes using single and multiple variates. The WHO 2010 grading classification, age, sex, type of surgery, use of octreotide, and tumor diameter were used as single covariates in our Cox regression model. Age and sex were not predictive of survival outcome (P=0.60, and P=0.77, respectively). In addition, having undergone curative radical surgery, or the use of octreotide were also not significant with regard to longer survival time (P=0.292, and P=0.577, respectively). However, having a larger tumor (≥ 2 cm) was significantly associated with poorer survival time (P=0.020), and patients with G1 or G2 insulinomas experienced significantly greater survival times as compared to patients with G3 insulinomas (P<0.01).
For the multivariate analysis, covariates, which included WHO 2010 grading classification, age, sex, type of surgery, use of octreotide, and tumor diameter, were entered in our Cox regression to probe potential prognostic factors of patients who had undergone surgery and had a diagnosis of insulinoma (Table 3) . Interestingly, we found that tumor diameter was significantly associated with survival (P=0.038), as were the WHO 2010 grading classifications. Specifically, patients with G1 and G2 tumors survived longer than those with G3 tumors, when the effects of the other prognostic indicators were controlled for in our analysis (P<0.01). respectively). Clinical stage I, II, III, and IV was defined in 51, 23, 7 and 4 patients, respectively, using the TNM staging system of the ENETS (2006). The WHO 2010 grading classification was possible for all patients, and the distribution of tumors was as follows: 52 NET G1, 23 NET G2, and 10 for NEC G3. (Fig.3) ≥2cm 78.1 45.96-110.24 * >50% of patients were alive at last follow-up in this subgroup; the estimated median survival time was unavailable. ** G1 vs. G2, P=0.423; G1 vs. G3, P<0.01; G2 vs G3, P=0.019. *** In the ENETS 2006 TNM staging system, only the difference between the estimated survival time of stage III and IV was not significant. The exact P values are presented in the footnotes of Figure 2 .
Discussion
To the best of our knowledge, a number of studies have investigated the prognosis of PNETS using the WHO 2010 grading classification. However, a minority of studies have employed this classification to evaluate the prognosis of pancreatic insulinoma, which is the main functional type of PNETS. Although insulinomas are considered a rare type of neuroendocrine tumor, they are the most common functional PNETS, with an increasing incidence in recent years [1, 4] . Further, data suggest that insulinomas tend to be more common in females than males, with most insulinomas occurring in the fifth decade of life [5] . In this present work, insulinomas were found to be approximately 1.8 times more common in women than men, and the insulinomas were diagnosed at a median age of 44.26 ± 13.82 years. Most pancreatic insulinomas are also known to be singular, benign, small (<2cm), and slow growing [6] [7] , with the caudal location considered by some to be the most frequent tumor site [25, 26] . According to our data, the majority of the insulinomas from our patient cohort were small (1.88 ± 1.42 cm) G1 and G2 tumors (88.3%), with a slight predilection for location in the body and tail of the pancreas (67.1%).
Somatostatin analogs, such as octreotide, have been used in PNETS for symptom control in functioning tumors [27] . Although two randomized placebo-controlled trials demonstrated that prophylactic use of somatostatin analogs do not reduce the incidences of pancreatic fistulas or total postoperative complications after pancreatic resection [29, 30] , they can inhibit the secretion of insulin in 40 -60% of insulinomas by virtue of their binding to somatostatin receptors on tumor cells [28] [29] [30] . Unfortunately, compared with other PNETS, the low expression of somatostatin receptors on pancreatic insulinomas have limited their utility in treating these tumors [31] . In the present study, we have demonstrated that in patients with a history of octreotide use had similar survival times relative to those that had never used somatostatin analogs, and in addition, there were no statistically significant findings in the univariate or multivariate analyses. However, due to the retrospective nature of our study, and the small proportion of patients with no history of octreotide use (i.e. 12.9%), we are unable to make definitive conclusions on the prognostic value of octreotide for patients with insulinoma.
Surgery is the only curative treatment for pancreatic insulinoma. Based on the nature of this tumor, enucleation is the preferred surgical technique, and is associated with low morbidity and mortality rates [11] [12] [13] 18] . For the majority of patients with a diagnosis of insulinoma, enucleation effectively relieves symptoms related to hormone secretion, and prolongs patient survival time [32, 33] . However, for patients with a NEC (e.g. G3 insulinoma), more radical curative surgical techniques are often advised [18] . In this 85 patient cohort, which included insulinomas of different grades, 58 patients had undergone enucleation of their insulinoma, while 27 had undergone more radical surgeries (e.g. partial pancreatic resection, pancreaticduodenectomy). With regard to survival time between the two groups, we found no statistical difference. In addition, a more radical surgery was not a significant predictor in the multivariate analysis. However, for the group of 10 patients with NEC G3 tumors, the median survival time of the more radical surgery group was significant longer than that of the enucleation group (69.43 months vs. 30.23 months; P=0.036). Thus, our limited data suggest that more radical surgeries should be the preferred intervention for patients with G3 insulinomas, which are often detected by preoperative biopsy or intraoperative suspicion of malignancy (e.g. infiltrating lymph invasion, pancreatic duct dilation).
A high Ki-67 labeling index and high mitotic count have been described as the most consistent prognostic factors for poor outcome of PNETS [34] . Indeed, the current WHO grading classification is based on these two factors only (in contrast to the WHO 2004 guidelines which included additional criteria). In the present study, the survival of the G3 group was significantly lower than that of G1 and G2 groups. Further, the WHO 2010 grading classification was a significant prognostic factor both in our univariate and multivariate analyses. However, the grading level of Ki-67 between NET G1 (neuroendocrine tumor G1: mitotic count: ≤2/10HPF, Ki-67: ≤2%), and NET G2 (neuroendocrine tumor G2: mitotic count: 2-20/10HPF, Ki-67: 3%-20%) remains controversial. Bosman et al, have indicated that the long-time survival between patients with G1 and G2 tumors would be significantly different as a result of increasing the Ki-67 level (between G1 and G2) from 2% to 5% [21] . As noted earlier, by combining the mitotic count and Ki-67 positive rate, we evaluated the surgical outcome of insulinoma by the updated WHO grading system and evaluated its prognostic value, in which we concluded that, patients with insulinomas of NET G1 and NEC G2 gained statistically better survival rates than those of NEC G3 (P<0.01, and P=0.019, respectively), whereas survival between NET G1 and NET G2 was not significantly different (P=0.423). Likewise, the previous WHO 2004 classification discriminated between the low-and high-grade malignant PNETS, but did not differentiate further prognosis of low and intermediate malignant PNETS [35] . Therefore, the prognostic value of Ki-67 was a definite, one while the level between G1 and G2 may require future adjustments.
Notably, due to some incomplete data, we were unable to perform a direct comparison between the WHO 2004 and WHO 2010 classifications. However, the results from our study provide validation for the prognostic value of the updated WHO 2010 grading classification system, and importantly, we were able to validate the WHO 2010 system using fewer data points than would have been required when using the WHO 2004 system. We view this as a significant advance, since the simplified WHO 2010 system represents a more "userfriendly" system that is potentially easier to implement and interpret for clinicians (i.e. WHO 2010 classification system relies only on mitotic count and proliferation index) compared to the 2004 version.
Although the ENETS 2006 TNM stage system is being widely used for most types of cancers, and is well-accepted by the surgical medical community, the new WHO 2010 grading system (which depends on more detailed and timeconsuming pathological examination) reflected the biological aggressiveness better as compared with the ENETS 2006 TNM stage system. Overall, both of these two systems have their advantages and disadvantages, and they depend on the pathological and clinical characteristics of tumor, respectively. It is suggested that surgeons should combine both of them, in a complementary approach, for the evaluation of the prognosis of insulinoma.
In addition, tumor diameter was found to be a significant prognostic factor both in our univariate and multivariate analyses. A number of possibilities may explain these results. First, removal of larger tumors may result in greater pancreatic surgical wounds, and thus, a higher risk of injury to the pancreatic duct, which could be detrimental to survival. Moreover, the new WHO 2010 classification of tumors of the digestive system considers all insulinomas ≥0.5 cm as malignant tumors [19] . Lastly, larger tumors are thought to be associated with more aggressive forms of PNETS [36, 37] .
In conclusion, systematic clinical-pathological assessment and follow-up validate the utility of the updated WHO 2010 grading classifications for the prognosis of pancreatic insulinoma. Nonetheless, the cut-off levels for Ki-67 between the G1 and G2 categories may potentially need adjustment, as mentioned earlier. As evidenced by numerous studies, ENETS 2006 TNM staging systems have also been shown to have prognostic value, and importantly, these two grading systems may complement each other when used together when making clinical decisions. Also, while enucleation is the surgical intervention of choice for most insulinoma patients, more radical surgeries are often necessary for patients with G3 insulinomas. Overall, our study confirms that insulinomas with larger tumor diameters typically result in poorer survival outcomes, and that the prognostic value of the WHO 2010 grading classification has been validated with regard to overall survival of pancreatic insulinoma patients. These data provide rationale for conducting additional studies in larger and diverse cohorts.
